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(57) Abstract 

A method and system for converting computer peripheral equipment to SCSI-compliant devices includes an interface controller 
which converts a mass storage device communicating on an ATA interface to a target device communicating in SCSI commands across 
an IEEE-1394 interface. The controller converts SCSI commands in CDBs in the IEEE-1394 ORBs to ATA ORBs and then directly to 
ATA/ATAPI commands, through a mapping function. 
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Method and system for converting computer peripheral 
equipment to scsi-compliant devices 

The present invention relates to a technique for converting computer 
peripheral equipment to improve communications with host computers and, in 
particular, the present invention relates to a method and system for converting 
computer peripheral equipment to devices able to communicate in Small 
Computer System Interface (SCSI) commands. 

1 . Background of the Invention 

In the personal computer industry, there is a growing trend and 
increased desire to attach external peripheral equipment or devices to the 
personal computer (PC). Such peripheral devices may include: (1) additional 
mass storage devices to supplement the storage devices provided internally in 
the PC enclosure; (2) more conveniently located mass storage devices such as 
CD-ROM drives and floppy disk drives located near the computer keyboard 
and computer display and possibly spaced apart from the main PC enclosure 
by as much as several meters; and (3) other peripheral devices such as 
imaging devices, scanners, and so forth. 

Typically, mass storage devices communicate with the central 
processor of the PC through a well known communication protocol, known as 
ATA (which stands for AT Attachment). ATA is a remnant from the ISO bus 
of the well-known IBM AT computer systems. ATA is an eight-bit or sixteen- 
bit parallel bus which is relatively simple and well understood. Because ATA 
has been the standard storage device communication protocol for so many 
years, computer software and hardware manufacturers are well accustomed to 
operating in this protocol and the hardware and software related to such mass 
storage devices are well developed. 

Unfortunately, ATA has several drawbacks which make its long-term 
continued use problematic as the standard communication protocol for 
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computer peripheral equipment. First, the flat ribbon cable typically used for 
ATA applications is flimsy and has poor transmission characteristics. Second, 
ATA has a relatively low bandwidth compared to other communication 
protocols which have been more recently developed. The bandwidth is limited 
5 by the propagation delays along the ribbon cable and by the fact that the host 
and target at either end of the ribbon cable must be locked to each other 
during the communication process. Third, communication over ATA ribbon 
cables does not work well when the length of the ribbon cable is as much as a 
few meters or more. This is not surprising since the ATA standard was 
10 originally developed for short connections within a desktop computer 

enclosure and were not originally intended for more lengthy interconnections. 
Fourth, in the ATA communication protocol, data is transferred in a single- 
ended fashion over a single wire rather than differentially over a pair of wires. 
Each of these drawbacks makes the continued use of ATA ribbon cables for 
15 appreciable distances unlikely. 

In the meantime, more recent personal computer designs have utilized 
an interface known as the Small Computer System Interface (SCSI). SCSI is a 
high-speed serial bus protocol that allows for the connection of up to sixteen 
devices together. Various SCSI specifications have been developed with 
20 different bit lengths and transfer rates. SCSI interconnections alleviate many 
of the disadvantages of the ATA communication links discussed above. 

More recently, a transport layer called Serial Bus Protocol -2 (SBP-2) 
has been created. SBP-2 runs over an IEEE-1394 serial bus to allow for: (1) 
larger numbers of connected devices than SCSI; (2) longer, cheaper cables; 
25 and (3) better support of multimedia applications. Unfortunately, it will take 
several years for manufacturers of mass storage devices and other computer 
peripheral devices to completely adopt the IEEE-1394 communication 
protocols, as the ATA communication protocol is so well developed, 
ingrained, and inexpensive to implement. 
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Another communication protocol has recently been developed in an 
attempt to allow host computers to communicate with peripheral devices via 
IEEE- 1394 compliant cables. This protocol, known as the "tailgate," includes 
ATA command descriptor blocks (CDBs) imbedded in the standard 
5 operational request blocks (ORBs) of the IEEE- 1394 communication protocol. 
The drawback is that the host computer must supply software drivers to 
convert SCSI commands to ATA CDBs. Because of this unfortunate 
requirement, the tailgate standard does not help the manufacturers of host 
computers in the gradual transition to communicating directly with peripheral 
10 devices with SCSI commands. 

It is against this background, and the desire to solve the problems of 
and improve on the prior art, that the above invention has been developed. 

2. Summary of the Invention 

The present invention is directed to a conversion apparatus attachable 
15 to a peripheral device which operates on an ATA/ATA PI communication 

protocol, to allow the computer peripheral device to communicate in a SCSI 
communication protocol with a remote host computer to which the peripheral 
device can be attached. The conversion apparatus includes an input stage that 
delivers and receives data to and from the remote host computer in the SCSI 

20 communication protocol. The conversion apparatus also includes a mapping 
stage communicating with the input stage to convert between the SCSI and 
ATA/A TAPI communication protocols bi-directionally. The conversion 
apparatus further includes a transfer stage communicating with the mapping 
stage and delivering and receiving data to and from the peripheral device in 

25 the ATA/A TAPI communication protocol. 

The mapping stage may include converting between SCSI CDBs and 
ATA commands, data, and status across an ATA interface. The mapping stage 
may further include an intermediate stage of converting to ATA CDBs. The 
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data sent to and from the host computer may be sent across a communication 
link to which the input stage of the conversion apparatus is attachable, the 
communication link and the input stage being IEEE- 1394 compliant. The 
input stage may include a physical layer and a link layer. The mapping stage 
5 may include a buffer in communication with an ATA sequencer in cooperation 
with a microprocessor and associated program memory. The transfer stage 
may include an ATA sequencer in communication with an input/output port 
attachable to an ATA interface cable. 

The present invention is also directed to a computer system that 
10 includes a host computer having an input/output port for communicating in a 
SCSI communication protocol. The computer system also includes a 
communication link having at least two ends, with a first end connected to the 
input/output port of the host computer. The computer system further includes 
a peripheral device located at a spaced apart distance from the host computer, 
15 the device having an input/output port for communicating in an ATA 

communication protocol. An interface unit located and associated with the 
peripheral device is also included, the interface unit having two input/output 
ports, with one of the input/output ports of the interface unit being connected 
to the input/output port of the peripheral device and the other of the 
20 input/output ports of the interface unit being connected to the second end of 
the communication link. The interface unit converts bi-directionally between 
the SCSI and ATA communication protocols. 

The communication link may be a serial bus. The communication link 
may be half-duplex. The communication link may be IEEE-1394 compliant. 
25 The input/output ports on each of the host computer and the interface unit 
which are connected to the communication link may each be IEEE-1394 
compliant. The computer system may further include an ATA interface 
interconnecting the peripheral device and the interface unit. 
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The present invention is also directed to a method of interfacing 
between a host computer communicating in a SCSI communication protocol 
and a peripheral device communicating in an ATA communication protocol. 
The method includes the steps of: (a) providing a serial bus communication 
5 link between the host computer and the peripheral device, the communication 
link being IEEE- 13 94 compliant; (b) providing an interface adapter at the 
peripheral device to which the communication link is attached, the interface 
adapter converting bi-directionally between the SCSI and ATA 
communication protocols; and (c) allowing the peripheral device to 
10 communicate with the host computer through the combination of the interface 
adapter and the communication link. 

The providing an interface adapter step may further include mapping 
between the SCSI and ATA communication protocols. The providing an 
interface adapter step may further include mapping between SCSI CDBs in the 
15 SCSI communication protocol and ATA interface signals in the ATA 

communication protocol by mapping to an intermediate stage of ATA CDBs. 

The present invention is also directed to a mass storage device 
attachable to a computer via a communication link. The device includes a 
mass storage subassembly with an input/output port operating in an ATA 

20 communication protocol and an interface adapter attachable to the mass 

storage subassembly. The interface adapter is for communication to the mass 
storage subassembly in the ATA communication protocol. The interface 
adapter is attachable to the communication link to the computer for 
communication in the SCSI communication protocol. The interface adapter 

25 converts between the SCSI and ATA communication protocols to allow the 
computer to communicate with the mass storage device in the SCSI 
communication protocol. 
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3. Brief Description of the Drawings 

The accompanying drawings, which are incorporated in and form a part 
of the specification, illustrate the preferred embodiments of the present 
invention, and together with the descriptions serve to explain the principles of 
5 the invention. 

In the Drawings : 

Figure 1 is an overall block diagram of a computer system showing an 
interface controller of the present invention combined with a mass storage 
device to create a target storage device which can be communicated with by a 
10 host computer via an IEEE- 13 94 high-speed serial bus. 

Figure 2 is a block diagram of the interface controller of Figure 1 . 

Figure 3 is a data chart showing the bit format of an operational request 
block (ORB) as is used on the IEEE- 1394 high-speed serial bus of Figure 1. 

Figure 4 is a table of the signals available on the ATA interface of Fig. 



15 



1. 



Figure 5 is a data chart showing a plurality of task file registers 
accessible across the ATA interface shown in Figure 1. 



Figure 6 is a data chart of an ATA CDB ORB used internally in the 
interface controller of Fig. 2. 



20 



Figure 7 is a data chart of an ATAPI CDB ORB which can be used 
internally in the interface controller of Fig. 2. 



Figure 8 is a table showing the sense status which describes errors in 
the ATA interface or the mass storage device of Figure 1 . 
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Figure 9 is a table showing the Device Parameters Page supported by 
the Mode Select and Mode Sense CDBs, shown in Figures 12 and 13. 

Figure 1 0 is a table showing the Inquiry CDB in the SCSI command 
set, as could appear in the ORB of Figure 3. 

5 Figure 1 1 is a table showing the Inquiry Data Returned supported by 

the Inquiry CDB, shown in Figure 10. 

Figure 12 is a table showing the Mode Select CDB in the SCSI 
command set, as could appear in the ORB of Figure 3. 

Figure 13 is a table showing the Mode Sense CDB in the SCSI 
10 command set, as could appear in the ORB of Figure 3. 

Figure 14 is a table showing the Page Control Field supported by the 
Mode Sense CDB, shown in Figure 13. 

Figure 15 is a table showing the Read(lO) CDB in the SCSI command 
set, as could appear in the ORB of Figure 3. 

15 Figure 16 is a table showing the Start/Stop Unit CDB in the SCSI 

command set, as could appear in the ORB of Figure 3. 

Figure 17 is a table showing the Synchronized Cache CDB in the SCSI 
command set, as could appear in the ORB of Figure 3. 

Figure 18 is a table showing the Test Unit Ready CDB in the SCSI 
20 command set, as could appear in the ORB of Figure 3. 

Figure 19 is a table showing the Verify(lO) CDB in the SCSI command 
set, as could appear in the ORB of Figure 3. 

Figure 20 is a table showing the Write Buffer CDB in the SCSI 
command set, as could appear in the ORB of Figure 3. 
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Figure 21 is a table showing the Write(lO) CDB in the SCSI command 
set, as could appear in the ORB of Figure 3. 

Figure 22 is a table showing the Write and Verify(lO) CDB in the SCSI 
command set, as could appear in the ORB of Figure 3. 

5 4. Detailed Description of the Preferred Embodiments 

The present invention includes a computer system 3 1 with a host 
computer 32 communicating with a target device 34 over an IEEE- 13 94 
compliant cable 36, as shown in Figure 1. The host computer 32 could be any 
type of computer which communicates with peripheral equipment, such a as a 
10 desktop or laptop personal computer (PC). Preferably, the host computer 32 
includes an input/output port 38 which meets the IEEE- 1394 communication 
standard (supporting SBP-2 (serial bus protocol)) and to which the cable 36 
can be attached. 

The target device 34 can include any conventional peripheral device 
15 which is attachable to a computer, such as a mass storage device (including 
disk drives, floppy drives, tape drives, and optical media), scanners, printers, 
and digital imaging devices such as digital cameras. Alternatively, any other 
device capable of communication with a computer could be utilized. For ease 
of explanation throughout the remainder of this application, a mass storage 
20 device 40 such as a hard disk drive will be used by way of example. The mass 
storage device 40 is combined with an interface controller 42 of the present 
invention to create the target device 34. The host computer 32 acts as the 
initiating device when communicating with the target device 34. 

The interface controller 42 includes at least two input/output ports 44 
25 and 46, for communication with the host computer 32 and the mass storage 
device 40, respectively. The input/output port 44 meets the IEEE- 13 94 
standard and is connectable to an opposite end of the cable 36 from the end 
connected to the host computer 32. The input/output port 46 meets the ATA 
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standard and is connectable via an ATA interface 48 to the mass storage 
device 40. The ATA interface 48 can be a flat ribbon cable or a direct circuit 
connection. 

The major components of the interface controller are shown in Figure 
5 2. The interface controller 42 includes a conventional PHY 52 or physical 

layer for connection to the high-speed serial bus on the cable 36. The PHY 52 
is connected by an eight-bit parallel bus 54 to a link 56 which serves as a 
protocol manager for formatting packets and assuring successful packet 
transmission/reception. The link 56 connects to a buffer manager 58 which 
10 cooperates with an associated buffer RAM 60, which may have a storage 
capacity of 1280 x 33. The buffer manager 58 communicates with a 
microprocessor 62 through a microprocessor interface 64. The microprocessor 
62 is provided with a 256 x 8 scratch RAM 66. Alternatively, or as a 
supplement, an external microprocessor (not shown) could be connected to the 
15 microprocessor interface 64 for control of the interface controller 42. A 16k x 
8 program ROM 70 is also connected to the microprocessor interface 64 for 
storing microprocessor program code. An auto sequencer 68 is also attached 
to the buffer manager 58 and to an ATA sequencer 72 which provides the 
input/output port 46 for connection to the mass storage device 40 through the 
20 ATA interface cable 48. The auto sequencer 68 assists the microprocessor 62 
and ROM 70 in sending transmit data and the fetching of Operational Request 
Block (ORB) lists. The ATA sequencer 72 is responsible for managing the 
ATA interface and the generation and processing of IEEE-1394 transactions 
for the data phase of the transfer that was programmed by the ORB. A bus 
25 interface unit (not shown) is partially represented in the auto sequencer 68 and 
partially represented in the ATA sequencer 72. Further detail on the 
components described above can be found in a patent application filed 
concurrently with this application and entitled "IEEE 1394-TO-ATA 
INTERFACE APPARATUS HAVING TRANSMIT AND RECEIVE FIFO 
30 QUEUES" and identified by its assignee Symbios Logic Inc. as Attorney 
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Docket No. 98-051, each of which are assigned to the same assignee. The 
contents of the above-referenced patent application are incorporated by 
reference into this application. 

The host computer 32 generates SCSI commands which are provided at 
5 the I/O port 38 for transmission across the cable 36 to the target device 34. At 
the target device 34, the interface controller 42 receives the SCSI commands 
through its I/O port 44. The SCSI commands are in the form of conventional 
12-byte command descriptor blocks (CDB). Each CDB is included as part of a 
conventional operational request block (ORB), as is illustrated in Figure 3. 
10 As can be seen, the ORB includes a eight-byte address pointing to the next 
ORB (next_ORB in Figure 3). This is followed by an eight-byte data 
descriptor field (data_descriptor) which specifies, directly or indirectly, the 
address of a buffer in system memory. The next four bytes includes the notify 
bit (N), the two-bit request format field (rq_fmt), a reserved bit (r), the 
15 direction bit (D), the three-bit speed field (spd), the four-bit maximum 

payload field (max_payload), the page table present bit (P), the three-bit page 
size field (page_sz), and the sixteen-bit data size field. The last twelve bytes 
(the least significant bytes), are the CDB as described above. The CDB field 
contains the command descriptor block for the given command. Typical CDB 
20 formats are as shown in Figures 18, 20, 21, and 23-30, and as discussed below 
in conjunction with the mapping function. 

The interface controller 42 internally converts the SCSI command set 
to ATA or ATAPI CDBs such as are shown in Figures 6 and 7, respectively. 
This step is preferable for this embodiment, but is not a requirement. It would 
25 be possible to create a system falling within the spirit of the present invention 
which did not convert to ATA or ATAPI CDBs as an intermediate step. These 
ATA or ATAPI CDBs are converted to ATA/ATAPI commands across the 
ATA interface. Throughout this description, reference is made to the standard 
ATA/ATAPI commands which are defined in American National Standards 
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Institute (ANSI) X3.T131 153D, which is specifically incorporated herein by 
reference. 

The signals available on the conventional ATA interface are as shown 
in Figure 4. A set of command and control registers in the mass storage 
5 device 40, which are accessible across the ATA interface is shown in Figure 5. 
A three-bit Device Address field, is used to select which of the registers is to 
be written to or read. A pair of Chip Select bits, are used to select either the 
command block registers or the control block registers to be written to or read, 
so as to select either the command block registers when CSO is set and to 
10 select the control block registers when the CS1 bit is set. The ATA sequencer 
72 of the interface controller 42 informs the mass storage device 40 of when a 
read or write is to be performed via the Device I/O Read or Device I/O Write 
signals. These bits are also known as the read strobe signal and write strobe 
signal. As seen in Figure 4, sixteen of the lines across the ATA interface pass 
15 Device Data signals. Alternatively, eight bits at a time can be passed via 

register transfers. For DMA data transfers, a DMA Acknowledge signal and a 
DMA Request signal are used. Other signals on the interface include a Device 
Reset signal, a Device Active signal, a Device Interrupt signal, and an I/O 
Channel Ready signal. 

20 Upon power up, the interface controller 42 must be able to determine 

the type of device (ATA/A TAPI) that is connected and configure itself and the 
connected device to use the ATA interface efficiently. The determination of 
the connected device could be done statically by a system integrator and have 
the interface controller 42 store the information regarding the connected 

25 device or dynamically by the interface controller 42 reading the power-on 
signature of the device (this will determine either ATA or ATAPI) followed 
by issuing an IDENTIFY DEVICE command or an IDENTIFY PACKET 
DEVICE command to determine the transfer mode of the ATA or ATAPI 
device, respectively. The interface controller 42 must then issue the SET 
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FEATURES command to configure the device for the appropriate transfer 
mode. 

For ATAPI peripheral devices (not shown), the execution agent is 
mainly pass-through. The CDB in the ORB is passed unmodified to the ATA 
5 sequencer 72 and then to the ATAPI device itself. If a command completes 
with error status, the execution agent will issue a REQUEST SENSE 
command to the ATAPI device in order to gather the sense information needed 
for the status block. 

For the mass storage (ATA) device 40, the execution agent must 
10 translate the received CDB into the equivalent ATA commands. The 
paragraphs below describe how these commands are translated from the 
received CDB to the equivalent ATA commands. There is one exception to 
the fetch agent performing the translation. If bit-0 is set in the last byte of the 
CDB, the CDB is assumed to be an embedded ATA command and is formatted 
15 as illustrated in Figure 9 and as such will pass directly to the ATA sequencer 
72 without modification. 

Mapping Function. When mapping commands from the host computer 
32 onto the ATA command set, a sub-set of the actual commands and status 
messages can be supported. In order to map the ability of the target device 34 
20 to report Unit Attention after a reset, a state variable is maintained by the 
interface controller 42 called BeenReset. This variable is set every time the 
mass storage (ATA) device 40 is reset and is cleared when the Unit Attention 
condition has been reported. The following sequence of pseudo-code 
describes the normal command execution and status processing sequence: 

25 if (InvalidOpCode) then 

Return "Invalid command operation code" 
elseif (BeenReset) then 

Return "Power on reset or bus device reset occurred" 

BeenReset = 0 
30 elseif ((Status&88„) !=00„) then 
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Return "Not ready" 

else 

if (ParsingError) 

Return parsing status 

5 else 

Issue command 

if ((Status & A8 h ) !=0) then 

Wait for upper level timeout 
elseif((Status & 01 h ) !=0) then 
10 if ((Error & 80h) !=0) then 

Return "Hardware error" 
elseif((Error & 40h) !=0) then 

Return "Unrecovered read error" 
e!seif((Error & 20h) !=0) then 
15 Return "Not ready to ready transition" 

elseif((Error & lOh) !=0) then 
Return "ID CRC Error" 
elseif((Error & 08h) !=0) then 

Return "Media change requested" 
20 elseif((Error & 04h) !=0) then 

Return "Aborted Command" 
elseif((Error & Olh) !=0) then 

Return "Address mark not found for ID 

field" 

25 else 

Return "Aborted command" 
elseif((Status & 04h) !=0) then 

Return "Recovered data with retries" 

endif 

30 endif 
endif 

If the command is successfully completed, a good status message is 
returned to the initiator following the IEEE- 1394 protocol. If the command is 
35 rejected or completes with error, Figure 8 describes the sense status that 

should be returned to describe the error. The Native hard-disk profile defines 
the following mode page that must be supported: 

Device Parameters Page (06 h ). 



How this mode page is mapped to the mass storage (ATA) device 40 is 
40 described in the Mode Select and Mode Sense commands. The Device 
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Parameters Page is intended to provide general configuration information of 
the device and to provide a method to modify that configuration as needed. 
The Device Parameters Page is illustrated in Figure 9. 

The Parameter Savable bit (PS) shall be set to indicate that the WCD 
5 field is savable. The Write CacheDisable (abbreviated as WCD, above) is 
provided to allow the host to enable or disable write caching. When this bit is 
equal to one, write caching is disabled. When this bit is equal to zero, write 
caching is enabled. The Logical Block Size field indicates the size of the 
logical blocks for the device. The Number of Logical Blocks field indicates 
10 the capacity of the device in units of blocks. 

Inquiry. The Inquiry CDB, shown in detail in Figure 10, provides a 
means for the initiator to determine a mass storage device type and other 
manufacture specific information. The Command support Data (abbreviated 
as CmdDt in Figure 10), indicates that the interface controller 42 is to return 

15 the fields supported for the command specified in the Page or Operation Code 
field. The interface controller 42 does not support Command support Data 
and therefore the CmdDt bit must be zero. The Enable Vital Product Data 
(abbreviated as EVPD, above) indicates that the interface controller 42 is to 
return vital product data for the page specified in the Page or Operation Code 

20 filed. The interface controller 42 does not support Vital Product Data and 
therefore the EVPD bit must be zero. 

Since neither the CmdDt or EVPD bits are set, the Page or Operation 
Code field is ignored by the interface controller 42. AllocationLength 
indicates the size of the allocated buffer in bytes to store Inquiry information. 
25 Inquiry data is returned in the format shown in Figure 1 1 . When processing 
an Inquiry command, the following sequence will be followed (IdentWordfx] 
refers to which two-byte word in the IDENTIFY DEVICE response and will 
be padded by leading zeros or trailing spaces to fill the assigned region): 



WO 99/50754 PCT/US99/06720 

15 

Issue IDENTIFY DEVICE(ECh) command 
Reformat IDENTIFY DEVICE results in Inquiry data 

Mode SelectflOl The Mode Select CDB shown in detail in Figure 12 
5 provides a means for the initiator to specify device parameters to the mass 
storage device 40. The PF should always be set to indicate that the MODE 
SELECT parameter conform to the X3T9.2 SCSI standard. The SP bit 
indicates whether a page being selected should be saved or not. This bridging 
profile does not support savable pages and therefore this bit must be zero. 

10 Device Parameters Page f06^ When processing a Mode Select for the 

Device Parameters Page (Figure 9), the following sequence will be followed: 

if(WCD==l) then 

Issue SET FEATURE(EF h ) command with Features = 82 h 
/♦Disable Write Caching*/ 
15 else 

Issue SET FEATURE(Ef h ) command with Features = 02 h 
/♦Enable Write Caching*/ 
endif 

20 Mode Sense. The Mode Sense CDB, shown in detail in Figure 13, 

provides a means for the initiator to determine a mass storage device's 
parameters. The Page Control field (PC) is used to determine the information 
returned for the Mode Sense CDB as shown in Figure 14. The Page Code 
field is used to select the Mode page to report. The only supported mode 

25 pages defined for hard disks in the mass storage device profile is the Device 
Parameters Page (06„). The only other supported Page Code is 3F h which 
returns mode sense data for all supported pages. 

Device P arameters Page (06 h ). When processing a Mode Sense for the 
Device Parameters Page (Figure 9), the following sequence will be followed 
30 (IdentWordfx] refers to which two-byte word in the IDENTIFY DEVICE 
response and will be padded by leading zeros or trailing spaces to fill the 
assigned region): 
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Issue SET FEATURE(EF h ) command with Features = 82 h 
/♦Disable Write Caching*/ 
else 

Issue SET FEATURE(Ef h ) command with Features = 02 h 
5 /* Enable Write Caching*/ 
endif 

Mode Sense. The Mode Sense CDB, shown in detail in Figure 13, 
provides a means for the initiator to determine a mass storage device's 

10 parameters. The Page Control field (PC) is used to determine the information 
returned for the Mode Sense CDB as shown in Figure 14. The Page Code 
field is used to select the Mode page to report. The only supported mode 
pages defined for hard disks in the mass storage device profile is the Device 
Parameters Page (06 h ). The only other supported Page Code is 3F h which 

15 returns mode sense data for all supported pages. 

Device Parameters Page (06^ ). When processing a Mode Sense for the 
Device Parameters Page (Figure 9), the following sequence will be followed 
(IdentWord[x] refers to which two-byte word in the IDENTIFY DEVICE 
response and will be padded by leading zeros or trailing spaces to fill the 
20 assigned region): 

Issue IDENTIFY DEVICE(ECh) command 

Reformat IDENTIFY DEVICE results into Mode Page data as follows: 
if (PC==01 b ) then /*Changeable values*/ 
JFCZ)=~(IdentWord[82], bit 5) 
25 LogicalBlockSize=0 

NumberOfLogicalBlocks=0 
elseif(PC==10 b )then /*Default values*/ 

WCD=~(IdentWord[85], bit 5) 
Logical BlockSize=0200 h 
30 NumberOJLogicalBlocks=ldent Word [57-58] 

else 

JfCZ?=~(IdentWord[85], bit 5) 

LogicalBlockSize=020Q h 

NumberO/LogicalBlocks=ldentWord[6Q-6l] 

35 endif 
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Read(lO). The Read(lO) CDB, shown in detail in Figure 15, provides 
the initiator a means to retrieve data stored at the specified logical block 
address (LBA). The Disable Page Out bit (DPO) is used to control the 
caching of the read information. Since there is no means to convey this 
5 information to the mass storage (ATA) device 40, this bit is ignored by the 
interface controller 42. The Force Unit Access bit (FUA) is used to force the 
device to fetch the read data from the media rather than from any cache. Since 
there is no means to convey this information to mass storage (ATA) device 40, 
this bit is ignored by the interface controller 42. The Relative Address bit 
10 (RelAdr) is used to indicate that the LBA field represents a two's complement 
offset from the previous linked read command. Linked commands are not 
supported by the bridging profile and therefore the RelAdr bit must be set to 
zero. 

The Logical Block Address is used to indicate the starting block for the 
15 command. Since the mass storage (ATA) device 40 only supports a 28-bit 

logical block address, the command is rejected if LBA3[7:4]!=0. The Transfer 
Length indicates the number of blocks to transfer for the given command. 
Since the mass storage (ATA) device 40 can only support a maximum transfer 
of 256 blocks, the command is rejected if Transfer Length > 256. To process 
20 the Read(10) command, the following sequence is performed: 

if(PIO) then 

Issue READ SECTORS(20 h ) command 

else 

Issue READ DMA(C8 h ) command 

25 endif 

Start/Stop Unit . The Start/Stop Unit CDB, shown in detail in Figure 
16, provides the initiator a means to alter the power state of the device. The 
Immediate bit (Immed) indicates when status should be returned for the 
command. Since the mass storage (ATA) device 40 only returns status upon 
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completion of the commend, an error should be generated if this bit is set. 
The PowerCondition field allows the initiator to control the power state of the 
device. The LoEj bit allows the initiator to load or eject media. Since 
removable devices are not support, an error should be generated if this bit is 
5 set. The Start bit allows the initiator to control whether the device is spinning 
or not. This bit is ignored if the PowerCondition field is non-zero. To 
process the Start/Stop Unit command, the following sequence will be 
followed: 

if(PO=0) then 
10 if (Start == l)then 

Issue SEEK(70 h ) command to LBA 0 

else 

Issue STANDBY IMMEDIATE(EO h ) command 

endif 

15 elseif(PC==l) then /* Active State*/ 

Issue SEEK(70 h ) command to LBA 0 
elseif(PC==2) then /*Idle State*/ 

Issue IDLE IMMEDI ATE(E 1 h ) command 
elseif(PC==3) then /*Standby State */ 
20 Issue STANDBY IMMEDIATE(EO h ) command 

elseif(PC==5) then /*Sleep State*/ 
Issue SLEEP(E6 h ) command 

else 

Return error 

25 endif 

Synchronize Cache . The Synchronize Cache CDB, shown in detail in 
Figure 17, provides the initiator a means to flush specified sectors from a 
cache on the mass storage device 40. The Immediate bit (Immed) indicates 
when status should be returned for the command. Since the mass storage 
30 (ATA) device 40 only returns status upon completion of the command, an 

error will be generated if this bit is set. The Relative Address bit (RelAdr) is 
used to indicate that the LBA field represents a two's compliment offset from 
the previous linked read command. This bit should be ignored by the device. 
The Logical Block Address field is used to indicate a starting point for a 
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particular region of the cache information to get flushed. Since mass storage 
(ATA) device 40s only support the entire cache to be flushed, this field will be 
ignored. The Number Blocks field is used to indicate a size of a particular 
region of the cache information to get flushed. Since mass storage (ATA) 
5 device 40s only support the entire cache to be flushed, this field will be 

ignored. To process the Synchronize Cache command, the following sequence 
will be performed: 

Issue FLUSH CACHE(E7 h ) command 

Test Unit Ready . The purpose of the Test Unit Ready CDB, shown in 
10 detail in Figure 18, is to provide feedback to the initiator as to the status of 
the device and determine whether the mass storage device 40 is ready to 
accept a command. To process the Test Unit Ready command, the following 
sequence will be performed: 

Issue SMART RETURN STATUS(B0 h , DA h ) command 
15 if (Command completes successfully && CylinderLow == F4h 

&& CylinderHigh==2Ch) 

Return "SMART threshold exceeded" status 

else 

Return normal completed status 

20 

VerifvflOV The Verify (10) CDB, shown in detail in Figure 19, 
provides the initiator a means to verify that data at the specified LBA is 
readable. The Disable Page Out bit (DPO) is used to control the caching of 
the write data. Since there is no means to convey this information to the mass 
25 storage (ATA) device 40, this bit must be zero. The Byte Check bit (BytChk) 
of zero requests a medium verification be performed with no data 
comparisons. A BytChk of one indicates that a byte-for-byte comparison is to 
be performed while the medium is being read. In order to reduce the buffer 
requirements for the interface controller 42, BytChk must be zero. 
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The Relative Address bit (RelAdr) is used to indicate that the LBA 
field represents a two's complement offset from the previous linked read 
command. Linked commands are not supported by the bridging profile and 
therefore the RelAdr bit must be set to zero. The Logical Block Address is 
5 used to indicate the starting block for the command. Since the mass storage 
(ATA) device 40 only supports a 28-bit logical block address, the command is 
rejected if LBA3[7:4]!=0. The Transfer Length indicates the number of 
blocks to transfer for the given command. Since the mass storage (ATA) 
device 40 can only support a maximum transfer of 256 blocks, the command is 
10 rejected if Transfer Length > 256. To process the Verify(lO) command, the 
following sequence is performed: 

Issue READ VERIFY SECTORS(40 h ) command 

Write Bu ffer. ModeHOlj , ) - Download Microcode and Save The 
Write Buffer CDB, shown in detail in Figure 20, with mode bits set to 101 b , 

15 provides the initiator a means to download and store new microcode to the 
device. The Mode field indicates what type of buffer the command is 
attempting to write. The only supported value for the Mode field is 101 b , 
which indicates Download Microcode and Save. The interface controller 42 
must reject all commands with unsupported Mode fields. The Buffer ID field 

20 will be used to indicate whether the interface controller 42 is to download new 
microcode. A value of FF h indicates that the interface controller 42 should 
attempt to download its own microcode while any other value will be rejected. 
The Buffer Offset field should be set of 004000 b in this mode. The Parameter 
List Length shall be used to indicate the size of the microcode download in 

25 bytes. To process the Write Buffer command, the following sequence will be 
used: 

if (BufferID==FFh) then 

Download local flash 
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WriteflO) . The Write(lO) CDB, shown in detail in Figure 21, provides 
the initiator a means to store data at the specified LB A. The Disable Page Out 
bit (DPO) is used to control the caching of the write data. Since there is no 
means to convey this information to the mass storage (ATA) device 40, this 
5 bit is ignored by the interface controller 42. The Force Unit Access bit (FUA) 
is used to force the mass storage device 42 to return status when the write data 
has been stored to the media rather than to any cache. This functionality will 
be supported by using different ATA commands based on whether the FUA bit 
is set or clear. The Relative Address bit (RelAdr) is used to indicate that the 
10 LB A field represents a two's complement offset from the previous linked read 
command. Linked commands are not supported by the bridging profile and 
therefore the RelAdr bit must be set to zero. 

The Logical Block Address is used to indicate the starting block for the 
command. Since the mass storage (ATA) device 40 only supports 28-bit 

15 logical block addresses, the command is rejected if LBA3[7:4]!=0. The 
Transfer Length indicates the number of blocks to transfer for the given 
command. Since the mass storage (ATA) device 40 can only support a 
maximum transfer of 256 blocks, the command is rejected if Transfer Length 
> 256. To process the Write(lO) command, the following sequence is 

20 performed: 

if (FUA) then 

Issue WRITE VERIFY(3C h ) command 
elseif (PIO) 

Issue WRITE SECTOR(30 b ) command 

25 else 

Issue WRITE DMA(CA,,) command 

endif 

Write and VerifvflOV The Write and Verify(lO) CDB, shown in 
30 detail in Figure 22, provides the initiator a means to store data at the 
specified LBA and verify that it is readable. The LUN field permits an 
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initiator to control multiple logical units through the command set. This 
bridging profile supports logical units by specifying multiple IEEE- 1394 units 
requiring initiators to login to the separate logical units. Therefore, the LUN 
field must be zero. The Disable Page Out bit (DPO) is used to control the 
5 caching of the write data. Since there is no means to convey this information 
to the mass storage (ATA) device 40, this bit is ignored by the bridging 
device. The Byte Check bit (BytChk) of zero requests a medium verification 
be performed with no data comparisons. A BytChk bit of one indicates that a 
byte-for-byte comparison is to be performed while the medium is being read. 
10 In order to reduce the buffer requirements for the interface controller 42, 
BytChk must be zero. 

The Relative Address bit (RelAdr) is used to indicate that the LBA 
field represents a two's complement offset from the previous linked read 
command. Linked commands are not supported by the bridging profile and 

15 therefore the RelAdr bit must be set to zero. The Logical Block Address is 
used to indicate the starting block for the command. Since the mass storage 
(ATA) device 40 only supports a 28-bit logical block address, the command is 
rejected if LB A3 [7:4] !=0. The Transfer Length indicates the number of 
blocks to transfer for the given command. Since the mass storage (ATA) 

20 device 40 can only support a maximum transfer of 256 blocks, the command is 
rejected if Transfer Length > 256. To process the Write and Verify (10) 
command, the following sequence is performed: 

Issue WRITE VERIFY(3C h ) command 

25 

Although reference has been made throughout this description to a 
mass storage device, the present invention is equally applicable to any other 
computer peripheral device which communicates with an ATA or ATAPI 
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interface. Furthermore, the present invention is equally applicable if a 
different mapping function is used or if different commands are supported 

The foregoing description is considered as illustrative only of the 
principles of the invention. Furthermore, since numerous modifications and 
5 changes will readily occur to those skilled in the art, it is not desired to limit 
the invention to the exact construction and process shown as described above. 
Accordingly, all suitable modifications and equivalents may be resorted to 
falling within the scope of the invention as defined by the claims which 
follow. 
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Claims 

The invention claimed is: 

1 . A conversion apparatus attachable to a peripheral device which 
operates on an ATA/A TAPI communication protocol, to allow the computer 
5 peripheral device to communicate in a SCSI communication protocol with a 
remote host computer to which the peripheral device can be attached, the 
conversion apparatus comprising: 

an input stage that delivers and receives data to and from the remote 
host computer in the SCSI communication protocol; 

10 a mapping stage communicating with the input stage to convert 

between the SCSI and ATA/ATAPI communication protocols bi-directionally; 
and 

a transfer stage communicating with the mapping stage and delivering 
and receiving data to and from the peripheral device in the ATA/ATAPI 
1 5 communication protocol. 

2. A conversion apparatus as defined in claim 1, wherein the mapping 
stage includes converting between SCSI CDBs and ATA commands, data, and 
status across an ATA interface. 

3. A conversion apparatus as defined in claim 2, wherein the mapping 
20 stage further includes an intermediate stage of converting to ATA CDBs. 

4. A conversion apparatus as defined in claim 1, wherein the data sent 
to and from the host computer is sent across a communication link to which 
the input stage of the conversion apparatus is attachable, the communication 
link and the input stage being IEEE- 1394 compliant. 
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5. A conversion apparatus as defined in claim 1, wherein the input 
stage includes a physical layer and a link layer. 

6. A conversion apparatus as defined in claim 1, wherein the mapping 
stage includes a buffer in communication with an ATA sequencer in 

5 cooperation with a microprocessor and associated program memory. 

7. A conversion apparatus as defined in claim 1, wherein the transfer 
stage includes an ATA sequencer in communication with an input/output port 
attachable to an ATA interface cable. 

8. A computer system, comprising: 

10 a host computer having an input/output port for communicating in a 

SCSI communication protocol; 

a communication link having at least two ends, with a first end 
connected to the input/output port of the host computer; 

a peripheral device located at a spaced apart distance from the host 
15 computer, the device having an input/output port for communicating in an 
ATA communication protocol; and 

an interface unit located and associated with the peripheral device, the 
interface unit having two input/output ports, with one of the input/output ports 
of the interface unit being connected to the input/output port of the peripheral 
20 device and the other of the input/output ports of the interface unit being 
connected to the second end of the communication link; 

wherein the interface unit converts bi-directionally between the SCSI 
and ATA communication protocols. 
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9. A computer system as defined in claim 8, wherein the 
communication link is a serial bus. 

10. A computer system as defined in claim 8, wherein the 
communication link is half-duplex. 

5 1 1 . A computer system as defined in claim 8, wherein the 

communication link is IEEE- 1394 compliant. 

12. A computer system as defined in claim 1 1, wherein the 
input/output ports on each of the host computer and the interface unit which 
are connected to the communication link are each IEEE- 1394 compliant. 

10 1 3. A computer system as defined in claim 8, further including an 

ATA interface interconnecting the peripheral device and the interface unit. 

14. A method of interfacing between a host computer communicating 
in a SCSI communication protocol and a peripheral device communicating in 
an ATA communication protocol, the method comprising the steps of: 

15 providing a serial bus communication link between the host computer 

and the peripheral device, the communication link being IEEE-1394 
compliant; 

providing an interface adapter at the peripheral device to which the 
communication link is attached, the interface adapter converting bi- 
20 directionally between the SCSI and ATA communication protocols; and 

allowing the peripheral device to communicate with the host computer 
through the combination of the interface adapter and the communication link. 
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15. A method as defined in claim 14, wherein the providing an 
interface adapter step further includes mapping between the SCSI and ATA 
communication protocols. 

16. A method as defined in claim 15, wherein the providing an 

5 interface adapter step further includes mapping between SCSI CDBs in the 
SCSI communication protocol and ATA interface signals in the ATA 
communication protocol by mapping to an intermediate stage of ATA CDBs. 

1 7. A mass storage device attachable to a computer via a 
communication link, the device comprising: 

10 a mass storage subassembly with an input/output port operating in an 

ATA communication protocol; and 

an interface adapter attachable to the mass storage subassembly for 
communication in the ATA communication protocol, the interface adapter 
being attachable to the communication link to the computer for 
15 communication in the SCSI communication protocol, wherein the interface 
adapter converts between the SCSI and ATA communication protocols to 
allow the computer to communicate with the mass storage device in the SCSI 
communication protocol. 

18. A mass storage device as defined in claim 17, wherein the 
20 communication link and the attachment of the interface adapter to the 

communication link are both IEEE-1394 compliant. 

19. A mass storage device as defined in claim 17, wherein the 
communication from the computer to the mass storage device is half-duplex. 
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